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ABSTRACT 
A Honey Bee telescope consists of three conventional 
Galilean telescopes placed side-by-side, offering a wider field 
of view than through other low vision telescopes. A 3x Honey Bee 
was verified and evaluated. The purpose of this study was to 
develop, construct, and evaluate a reading cap for the Honey Bee 
telescope. A +3 diopter reading cap was:constructed utilizing 
. 
three conventional caps which were modified with a hand edger. 
The completed unit was evaluated on an arc~perimeter. The 
modified cap was found to be most useful for brief, isolated 
near point tasks. 
A HONEY BEE TELEMICROSCOPIC SYSTEM 
.Evalua t ion of Honey Bee Telescope 
The Honey Bee telescopic low vision aid was designed by Dr. 
William Feinbloom and is presently produced and marketed by Designs For 
Vision, Inc. The Honey Bee telescope consists of three Galilean telescopes 
clustered side-by-side before one eye. The name is in reference to the 
honey bee's compound eye, whose individual facets each provide a separate 
field of view. The purpose of this design is to offer a panoramic view 
through the aid to help compensate for the reduced visual field inherent 
in all telescopes. The special advantage of the Honey Bee is the incorpora-
tion of "base in" prism on the two outtside telescopes to bring the three 
fields of view into juxtaposition. This eliminates the blind areas, and 
ideally the patient sees a continuous, panoramic field of view (1). 
Currently, the Honey Bee is only available in 3x or 4x magnifica~ 
tion. In the future, expandible field models up to 8x magnification 
will be possible. Current models make use of Bk-7 (a type of hard resin) 
wedge prisms; however, a special achromatic prism is being developed. 
Even considering all the planned improvements, the "regular" Honey Bee 
telescope is still considered experimental, and Designs For Vision will 
not guarantee them (2). 
The Honey Bee telescope is one of the newest developments in 
low vision, and has received much media coverage. Unfortunately, the 
utili.ty of t he Honey Bee is limited because of weight, cosmetic, cost, 
and refractive error considereations. Any added feature would greatly 
2 
increase the value and versitility of the aid. 
The current Honey Bee telescope is designed for distance viewing 
'o.-o'::'\,." 
only and is not adequate for near point visual tasks. Accomodative 
den.and through a telescope is proportional to the square of the angular 
magnification. For example, the demand at 33 em through a 4x telescope 
is 48 D. ( :!Jx 4 2 ). Obviously some form of near add power is required. 
Also, reading through any telemicroscope is slow, difficult, 
and frustrating because of the small field of view. The words seem to 
fly by and place is easily lost. The Honey Bee's tritelescopic-prism 
system may help the patient keep from losing his place and make reading 
more efficient as well as greatly enhancing other near visual tasks. 
Low vision patients have special problems which require ingenious 
solutions. The successful low vision practitioner must have a wide 
variety of options. Adapting the Honey Bee telescope for n.ear visual 
tasks adds to the practitioner's alternatives. 
The specific purpose of this research thesis is to develop 
an appropriate reading cap for the Honey Bee telescope. Another equally 
important purpose is to provide the researcher with "hands-on" experience 
in the low vision field of optometry. Besides adapting the Honey Bee, 
the researcher will expand his knowledge and expertise in evaluating and 
verifying low vision aids in general. 
The Pacific Unviversity College of Optometry's Low Vision Clinic 
has its own 3x Honey Bee telescope. This aid was verified and evaluated 
to determine if it followed the manufacturer's specifications. 
The weight of the aid was taken on an analytical balance and 
r 
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found to be 36 g (1.3 oz) which is significantly less than the manu-
facturer's estimate of 3 oz. Perhaps they included the weight of a 
·-' 
frame or had a different carrier lens. In any case, it is to everyone's 
advantage that the aid be as light as possible. It is generally accepted 
that approximately 1.5 oz is the maximum weight which can be worn comfort-
ably by most patients (3). The weight of one Honey Bee, carrier lens, 
and Yeoman frame is approximately 62 g (2.24 oz). 
The magnification was verified using the new method published 
by I.L. Bailey (4). The principle is the amplification of vergence as 
light passes through a telescope. For an afocal telescope, parallel 
light enters and parallel light exits. However, if convergent light 
enters, the vergence greatly increases as it exits. This amplification 
is related to the angular magnification. This is also the reason why 
the accomodative demand is so great through a telescope. The technique 
is as follows; 
(1) Put telescope in a lensometer and measure the back vertex 
power. It should be plano. 
(2) Place a known lens (plus) power (P1) adjacent to the objective. (3) Again measure the back vertex power with P1 in place (P2). (4) Measure the tube length (t). t =the distance between 
eye piece and objective in meters. 
(5) Apply Freid's formula (3): 
Mag = 
·' 
-tP2 
2 
The clinic's Honey Bee was found to be afocal (plano). A +1.00 lens (P1) 
was placed as close as possible to the center objective. The two side 
prisms prevented contact with the objective, but since the increased 
vertex distance only changed the entrance vergence by .01 D, this factor 
was ignored. The new power reading (P2) was +10.00 D and the tube length 
4 
(t) was .023 m. The calculated magnification is very close to the 
manufacturer's rating of 3x • 
Mag = 
. , .. : · ~ ... 
-.023(10) 
2 
+ 10 
- 1- = 3.05x 
The power of the objective (P0 ) and eye piece (Pe) can also 
be determined using well-known optical formulae: 
p T = 3.05x 
0 
1 
p~ 
1 
-p~ = .023 m 
Solving by substitution yields and eye piece power of -87 D and an 
objective power of +29 D. 
Assuming a refractive index of 1.49 for the Bk-7 wedge prisms, 
one can determine the power of the prisms by using the following formula 
from Teshima (5): 
tlOO(n-1) 
d 
= 
t thickness = 6.5 mm 
d =diameter = 17.0 mm 
(6.5)(100)(1.49 - 1) 
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This is a relatively large amount of prism and one can expect distortion 
and chromatic abeDation to be a problem. The patient should be made 
aware of this. 184 will cause a 10.2° shift of the outer fields toward 
the center. 
,, 
Other important parameters include the horizontal diameters of the 
objectives. The two outside telescopes are 17 mm, and the center one is 
14 mm. The lenses have been cut and fitted together. The outside 
telescopes have also been angled at 20° away from the center. 
The field of view was determined at several object distances and 
for several vertex distances. The field of view at optical infinity was 
5 
measured using a modified tangent screen method. The side of a large 
building was used as a tangent screen and a four inch red disc was used 
as the target. Testing was done at 50, 100, and 150 feet. The Honey 
Bee was mounted on a tripod with modelling clay to keep it steady. 
While sighting through the telescope, the head was held as steady as 
possible since slight head movements caused the field to shift. The 
field was , measured using vertex distances of 12 mm and 15 mrn. The 
eye was allowed to move, so technically, the field of fixation and not 
the field of view was measured. The field of fixation is the area in 
space to which the eye can rotate and achieve foveal fixation. The 
field of fixation is smaller than the field of view which is the area 
of space seen by the stationary eye. This reduction occurs because the 
"eye relief" is larger for the field of fixation. Eye relief is the 
distance between the eyepiece and a reference point in the eye (6). 
The reference point for the stationary eye is the center of the pupil. 
For the moving eye, it is the center of rotation which is farther back 
inside the eye. 
Field of View Field of Fixation 
Stationary eye Moving eye 
As the eye relief increases, the visible field decreases (7). This also 
explains why the field decreases when the vertex distance is increased. 
This phenomenon was noted during the field testing: with the eye straight 
6 
ahead, the target moved into the field and could be seen "out of the corner 
of the eye." However, when the eye turned to look at it , the target 
disappeared. It was difficult to keep the eye perfectly still; therefore, 
the field of fixation was measured because it was more consistant and 
reliable. It was also more realistic since the patient's eye is never still. 
The target was moved along the building by an assistant until 
it entered the visual field. Since the target was so small, vignetting 
was not a problem. This position was mar~ed with tape. The target was 
then moved along until it disappeared again into a blind area. This 
routine was continued until the entire horizontal field was mapped out. 
All three discances were done similarly and the entire procedure was 
repeated using a different vertex distance. The distances between the 
marks on the wall were measured, the tangent derived, and the angular 
field converted into degrees. The results are in Tables 1-4 and displayed 
on Figure la and lb. The horizontal extent of the field is approximately 
16° for a vertex distance of 15 mm and 24° for ' a vertex distance of 12 mm. 
Therefore, it is probably in.the patient's best interests to fit the 
Honey Bee as close to the eye as possible. Many other variables can 
also affect the field size: pupil size, fixation, target criterion,etc. 
The results also show that there are 20 blind areas on either 
side of the central field at all distances. This is apparently due to 
the seams where the telescopic elements are joined. No added amount of 
prism would eliminate these areas since they are occlusive and not refract-
tive. Subjectively, the blind areas are not steep but are fuzzy around 
the edges. Chromatic aberations in the side fields also reduce image 
7 
Table 1: Field Sizes in Feet· for 3x Honey Bee at Various Distances. 
(Vertex Distance = 15 mm) 
Le! t Blind Center Blind Right 
· Distance Field Area Field Area Field 
(feet) (feet) (feet) (feet) (feet) (feet) 
150 11.62 5.00 6.80 5.25 13.22 
100 7.42 3.50 4. 70 3.85 8.30 
50 3. 70 1.66 2.22 2.00 4.10 
Table 2: Field Sizes in Degrees for 3x Honey Bee at Various Distances 
(Vertex Distance = 15 mm) 
Left Blind Center Blind -: ~ Right 
·-
Distance Field Area Field Area Field 
(feet) (degrees) (degrees) (degrees) (degrees) (degrees) 
150 4.4 1.9 2.6 2.0 5.0 
100 4.2 2.0 2.7 2.2 4.7 
50 4.2 1.9 2.6 2.2 4.7 
8 6 8 
tlillimc ters to the Centinteter 
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Table 3: Field Sixes in Feet for 3x Honey Bee at Various Distances. 
(Vertex Distance = 12 mm) 
L~'ft Blind Center Blind Right 
Distance Field Area Field Field Field 
(feet) (feet) (feet) (feet) (feet) (feet) 
150 21.08 5.50 13.65 5.83 22.68 
100 13.87 3.84 8.92 4.00 14.77 
50 7.11 1.83 4.64 2.00 7.65 
Table 4: Field Sizes in Degrees for 3x Honey Bee at Various Distances. 
(Vertex Distance = 12 mm) 
Left Blind Center Blind Right 
Distance Field Area Field Area Field 
(feet) (degrees) (degrees) (degrees) (degrees) (degrees) 
150 8.0 2.1 5.2 2.2 8.6 
100 7.9 2.2 5.1 2.3 8.4 
50 8.1 2.1 5.3 2.2 8.7 
88 10 
illimeters to the Centimeter 
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clarity. All of these factors would be expected to be present at near. 
The Honey ~ee telescope has received considerable press coverage 
recently (People, Newsweek, etc.) (8). One of the major concerns addressed 
in these articles and what low vision patients are interested in is: 
"how is the Honey Bee different from other telescopes?" 
The maj'or difference is of coooe the visual field size. 
According to the manufacturer, and confirmed by this study, the horizon-
tal field is 24° -- three times the extent for a conventional bioptic 
telescope of the same magnification. 
I.L. Bailey has recently published a paper comparing the field 
of view between a conventional telescope, an expanded field, and the 
Honey Bee (6). He plotted the field using an illuminated "pupil" and 
the principle of reversibility of rays. In this case, the "pupil" is 
the target and the observer is positioned in front of the telescope 
(A reverse tangent screen). It is interesting to note that working 
independently and with different methods, Bailey's work agrees with the 
findings reported in this paper. He determines a field of view for a 
stationary eye of 28.7° and a field of fixation for a moving eye of 18.2°. 
He also found the blind areas to be approximately 2°. The field of 
fixation was found to be 5.4° for the conventional bioptic and 10.3° 
for the expanded field. The results show that the Honey Bee telescope 
indeed has a larger field of view. The results are diagrammed in Figure 2. 
Below is a photograph of the field of view through the Honey Bee. 
10 
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Figure 2. Illustration of fields of area for (1) Honey Bee Lens (shaded) (2) Expanded Field 
telescope (dark circle) and (3) a Bio I telescope (dashed circle). Here a 12-mm eye-relief was 
used. Pupil diameter equals 4 mm. 
Graph courtesy of I. L. Bailey. "The Roney Bee Lens: 
A Study of its Field Properties." Optometric Monthly, 
May, 1982. 
Field of View through 3x Honey Bee telescope 
200 ft distance 
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However, Dr. Bailey does not believe the Honey Bee offers 
much of an improvement over conventional telescopes. The useful field 
of view is reduced due to the blind areas and the chromatic aberation 
and distortion in the lateral telescopes. According to Dr. Bailey, 
a visual acuity of 20/6 through the center telescope would be reduced 
to 20/50 through the lateral telescopes (6). This situation would 
also exist wich any attempts to utilize the Honey Bee at near. 
Another problem is the cosmesis of the Honey Bee. When addressing 
the rather conspicuous appearance of the Honey Bee, a local newspaper 
described it as "bizarre" (9). The weight problem makes the use of a 
Yeoman frame imperative, which also may not appear attractive to a patient. 
The way in which the refractive error is corrected presents 
another limitation of the Honey Bee telescope. In a conventional telescope, 
the Rx can be incorporated into the carrier and eye piece of the telescope. 
This is not possible with t he Honey Bee; the carrier must be plano. 
Any refractive error must be corrected with a contact lens which presents 
a whole new set of potential problems. As always, the practitioner must 
weigh the advantages and disadvantages as they pertain to each individual. 
The cost of the Honey Bee may be an obstacle for some patients. 
According to Designs For Vision, the current cost is $465 for one Honey Bee. 
A single, conventional telescope of the same magnification is approximately 
$205. Since the Honey Bee is still considered experimental, the manu-
facturer can not guarantee it (10). 
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Construction of Honey Bee Telemicroscope 
After considering the advantages and disadvantages of the 
Honey Bee telescope, it was decided that designing a reading cap for the 
system would be attempted and' the results evaluated. Funding was sought 
and obtained from Beta Sigma Kappa. The funding process involved preparing 
a four page proposal outlining the statement of problem, experimental 
design, revelance to optometry, time schedule, and budget. The following 
proposed budget is acco.mpanied by a list of actual expenses: 
Budgeted Actual 
lenses and housing 75 75.00 
adhesives 5 5.15 
hard resin plastic 15 
plastic cutting blade 10 
computer time 15 18.16 
drafting 10 9.55 
paper preparation 20 30.41 
film and developing 10.50 
Total 150 148.77 
Except for the lenses, all materials and services were obtained locally. 
The lenses were +3.00, 25 mm diameter reading caps ordered from Designs 
For Vision. +3.00 lenses were chosen because plotting of the near 
visual field was done on a 33 em arc perimeter. The lenses and housing 
were made of CR-39. Expoxy resin cement was used to bond the elements 
together. •' 
Modification and fitting of the caps was done with an AO 
Pixie hand edger (blue stone) and water. This required several afternoons 
of work, but more precise fitting was possible than if a saw was used. 
See figure 3 for the modifications made on the three caps. The lenses 
were modified first and then the housing was fitted to the Honey Bee. 
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Figure 3: Construction Plans for the Honey Bee Reading Cap. 
Before 
Modification 
22mm 
--- --
~-
20mm I~ 
25mm 
15mm 
Completed Unit 
63mm 
Top View 
Side View 
/ 20mm 
Top View 
I Side View 15mm 
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The most efficient approach would involve using a saw for the majority 
of stock removal anq the hand edger for the finishing work. The elements 
--.. . _ .... . .. 
were bonded together with epoxy resin using the Honey Bee as a template. 
Other adhesives were tried but weren't strong enough. The completed 
cap and Honey Bee are shown on page 17. 
The com~ted cap weighs 7.95 g. Therefore, the Honey Bee 
telescope plus cap plus Yeoman frame weighs about 70 g. (2.5 oz). 
The weight may cause problems for some patients, especially if near work 
were to be sustained for a lengthy period of time. 
Since the plus lenses are in front of the prisms, the vertex 
distance (distance between cap and objective lens) is 12 mm. This means 
the +3 reading cap has an effective power of +3.12 D. The patient's working 
space would be reduced from 33 em to 32 em. 
The near field of view (33 em) was measured on an arc perimeter. 
The Honey Bee was mounted on the chin rest with modeling clay. Vertex 
distance was again 12 mm (eye relief was 27 mm since the eye was moving). 
A small 3 mm white bead target was moved across the horizontal field 
and points of appearance and disappearance were marked. Angular subtense 
was read off the perimeter directly. The fd:rst visible criterion was used. 
The near field without the cap is similar to the far field. 
There was greater variability in plotting the near fieLd since the target 
was blurred. The near field with and without the reading cap is dia-
grammed on Figures 4 and 5. 
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Boney Bee and cap 
(side view) 
Honey Bee and cap 
(top view) 
Assembled 
Honey Bee and cap 
(side view) 
--
8 18 
ltimeters to the Ct!ntimC'tcr 
8 19 
limcters to the Centimeter 
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Discussion 
The major difference with the reading cap is that the blind 
areas are increase~Jignificantly. This appears to be due to the pris-
matic effects of the +3 lenses. At the seams, each lens contributes 
2.8SA with the bases in opposite directions. This means there is a 
total of 5.7A at each seam. The effect is to optically increase the 
size of the blind areas at the expense of the field of view. A portion 
of each field is projected into the blind area of the neighboring telescope. 
Since the blind areas are now refractive and occlusive, objects jump 
into and out of the field unexpectedly. This "jack-in-the-box" phenomenon 
is due to 3.5° of field hidden in what still appears to be 2° of seam. 
At a 11 reading" distance of 33 em, 20 mm of print is hidden in each blind 
area. This would make reading very difficult and confusing even for a 
person with good acuity. Five minutes is about the limit for reading 
before fatigue would be expected to set in. The blind areas could be 
reduced back down to 2° if a 2 .SISA prism "base in" on the lateral lenses 
were incorporated. This would match the prismatic effect of the central 
lens and remove the refractive, but not occlusive, part of the blind area. 
The seam will always occlude 2° of field. However, more prism in the 
lateral telescopes will only exacerbate the chromatic aberation and 
distortion already existing, not to mention adding to the weight problem. 
Evaluation of the reading cap in the low vision clinic at 
Pacific University has not been very successful since few patients are 
potential candidates for the Honey Bee telescope. In the past year, 
only one Honey Bee telescope was prescribed. Evaluation of the reading 
21 
cap and of the Honey Bee itself will be ongoing. Dr. D"Alessandro 
has recently report:d successful fitting of the Honey Bee telescope 
with a reading cap (11). This reading cap consisted of three round 
caps glued side-by-side and had to be hand-held. She reported that 
the patient could read 60 words of newsprint per minute. However, our 
experience with a mounted reading cap indicated that such a feat could 
be sustained only a few minutes and that reading in general was inefficent 
and confusing. 
The "readin~'cap does have some use in that it increases the 
• 
versatility of the Honey Bee. Without the cap, the Honey Bee is useless 
at near. Perhaps it would be more appropriate to call the "reading" 
cap a "near point" cap. The cap can be used in those situations where 
a limited near task is performed. For example, a golf.er using the 
Honey Bee would occasionally need to look at: a score card; a theater 
goer may need to glance at the program; a bus rider may need to check 
the bus schedule; or a person may need to read·~ menu. A reading or 
near point cap would be very helpful for the active low vision patient. 
A three-lens cap may not even ·be neces~ary: ~ cap for the center may 
be all that is required. A single cap would be lighter in weight, 
lower in cost, and easier to construct. There would also be no problem 
with prismatic effects or blind areas. Of course, the added advantage 
of an increased field would be lost. 
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CONCLUSIONS 
In conclusion, the Honey Bee telescope has one distinct 
advantage (field size) over other telescopes that would benefit some 
patients; however, the disadvantages (weight, cosmesis, cost, blind 
areas, and distortions) are great enough to make the telescope impractical 
for most low vision patients. According to I.L. Bailey, 
The poor imagry and the discontinuity of,' the observed field 
with Honey Bee lenses probably will prove insuperable obstacles 
to the acceptance of the Honey Bee lens,~s. Their wide total 
field of view is impressive, but there is a real question about 
how useful this will be, given the other problems. (6) 
The same can be said for the "reading" cap. While the cap 
does increase the versitility of the Honey Bee, and would benefit some 
patients, it does not solve the problems of the telesco'(>e and may actually 
add to them. While the Honey Bee telescope'and "reading" cap may be 
impractical for most patients, much has been le~rned from the study and 
evaluation of its parameters and characteristics. It is hoped that the 
knowledge and experience gained in this study will be helpful in the 
care of low vision patients in the future. 
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